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1. Introduction 
In this document, we will present our views on remaining details of group scheduling for Multicast RRC_CONNECTED UEs.

2. Discussion 
2.1 ZP-CSI-RS for multicast rate matching
In last RAN1 meeting, we have agreed rate matching for multicast with RB symbol level granularity.
Agreement
For multicast RRC_CONNECTED UEs, rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RB symbol level granularity,
· The procedure for PDSCH scheduled by PDCCH with DCI format 4_1 is similar as that of DCI format 1_0 and the procedure for PDSCH scheduled by PDCCH with DCI format 4_2 is similar as that of DCI format 1_1, by applying the parameters of rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config-Multicast.
· rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.

For legacy unicast PDSCH, the ZP CSI-RS can be configured in pdsch-Config for rate matching with RE level granularity. For multicast GC-PDSCH rate matching, the RM based on ZP CSI-RS REs are required to be aligned among the multicast group of UEs to receive the GC-PDSCH, which can be configured in pdsch-Config-Multicast per multicast CFR. For example, the ZP CSI-RS configured in PDSCH-Config-Multicast may need to consider the PDSCH REs not available for a group of UEs, instead of a single UE for unicast PDSCH. Following the similar principles as separate rate matching patterns for unicast and multicast, we propose separate ZP CSI-RSs for unicast and multicast as well, i.e., the ZP CSI-RS configured in PDSCH-Config only applies for unicast PDSCH, not for GC-PDSCH; while the ZP CSI-RS configured in PDSCH-Config-Multicast only applies for GC-PDSCH, not for unicast PDSCH.
Proposal 1: For multicast RRC_CONNECTED UEs, ZP CSI-RS can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RE level granularity,
· The procedure for PDSCH scheduled by PDCCH with DCI format 4_1 is similar as that of DCI format 1_0 and the procedure for PDSCH scheduled by PDCCH with DCI format 4_2 is similar as that of DCI format 1_1, by applying the parameters of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList, sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast.
· ZP CSI-RS configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· ZP CSI-RS configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.
· Endorse TP#1 for TS38.214.



TP#1 for TS38.214:
[bookmark: _Toc11352095][bookmark: _Toc20317985][bookmark: _Toc27299883][bookmark: _Toc29673148][bookmark: _Toc29673289][bookmark: _Toc29674282][bookmark: _Toc36645512][bookmark: _Toc45810557][bookmark: _Toc83310142]5.1.4.2	PDSCH resource mapping with RE level granularity
[bookmark: _Hlk22923417]The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList.
The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_1 and the procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2, by applying the parameters of higher layer parameters aperiodic-ZP-CSI-RS-ResourceSetsToAddModList,  sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast instead of those configured in PDSCH-Config. 
*** Unchanged text is omitted ***


For aperiodic ZP CSI-RS, RAN1 has agreed:
Agreement
DCI format 4_2 includes ‘ZP CSI-RS trigger’ field.

In 38.212, the size of ‘ZP CSI-RS trigger’ field is determined by the number of aperiodic ZP CSI-RSs. For multicast DCI format 4_2, the size should be common for a group of UEs based on the number of aperiodic ZP CSI-RSs configured in PDSCH-Config-Multicast, rather than relying on the number of UE-specific aperiodic ZP CSI-RSs configured in PDSCH-Config for unicast. 

Proposal 2: For multicast RRC_CONNECTED UEs, the size of ‘ZP CSI-RS trigger’ field in DCI format 4_2 is determined by the number of aperiodic ZP CSI-RSs configured in PDSCH-Config-Multicast. 
· Endorse TP#2 for TS38.212.TP#2 for TS38.212:
7.3.1.5.3	 Format 4_2
< Unchanged parts are omitted >
-	Rate matching indicator – 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2 in PDSCH-Config-Multicast, where the MSB is used to indicate rateMatchPatternGroup1 and the LSB is used to indicate rateMatchPatternGroup2 when there are two groups.
-	ZP CSI-RS trigger – 0, 1, or 2 bits as defined in Clause 5.1.4.2 of [6, TS 38.214]. The bitwidth for this field is determined as  bits, where  is the number of aperiodic ZP CSI-RS resource sets configured in PDSCH-Config-Multicast by higher layer.
< Unchanged parts are omitted >





For multicast semi-persistent (SP) ZP CSI-RS, if configured in a PDSCH-Config-Multicast, RAN1 needs to discuss how to apply the MAC-CE for multicast SP ZP CSI-RS activation/deactivation. There are two alternatives to be considered:
· Alt1: SP ZP CSI-RS configured in PDSCH-Config-Multicast can be activated/deactivated by MAC-CE in multicast GC-PDSCH 
· Alt2: SP ZP CSI-RS configured in PDSCH-Config-Multicast can be activated/deactivated by MAC-CE in unicast PDSCH 

In case of Alt1, 
· In MAC-CE activation command, the self-carrier/BWP scheduling is assumed for GC-PDCCH/GC-PDSCH and BWP ID/serving cell ID can be reserved, which does not change the MAC-CE command. 
· There was some discussion on timing alignment in last meeting. For a multicast group, some UEs may feedback ACK and some UEs may feedback NACK for the MAC CE activation command. Thus, the UE in the same group may have different application time for MAC CE activation command. But the different active time may not impact the rate matching of GC-PDSCH. For example, gNB can schedule the multicast GC-PDSCH after it receives each UE’s ACK for ZP CSI-RS activation. The activated ZP CSI-RS for multicast is only applied to multicast, which will not impact unicast PDSCH reception. 
In case of Alt2,
· In MAC-CE activation command, cross-carrier/BWP scheduling could be supported by indicating BWP ID/serving cell ID. But if we don’t support a multicast ZP CSI-RS to be activated/deactivated by MAC-CE in a different CC, the BWP ID/serving cell ID can also be reserved, similar as Alt1. 
· The UE-specific PDSCH with MAC-CE activation command has to be transmitted per UE. In order to apply the ZP CSI-RS for the GC-PDSCH rate matching, gNB needs to schedule MAC-CE for every UE in the group and get ACK from every UE, which may actually take longer time than Alt1. 
· For Alt2, different IDs of SP ZP CSI-RS should be allocated for the ZP CSI-RSs configured for multicast and unicast. Otherwise, the UE will apply the activated ZP CSI-RS to all PDSCH and GC-PDSCHs.

We think both Alt1 and Alt2 are feasible, but Alt2 would cost more overhead since UE-specific PDCCH/PDSCH is needed.

Proposal 3: For multicast RRC_CONNECTED UEs, if SP ZP CSI-RS is configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, support both alternatives:
· Alt1: SP ZP CSI-RS configured in PDSCH-Config-Multicast can be activated by MAC-CE in multicast GC-PDSCH 
· Alt2: SP ZP CSI-RS configured in PDSCH-Config-Multicast can be activated by MAC-CE in unicast PDSCH

2.2 TCI-state activation/deactivation for multicast
The TCI-state for multicast may be different than that of unicast. For example, the TCI state used for SFN-based multicast transmission may be not used for unicast PDCCH/PDSCH. In last RAN1 meeting, there was some discussion on TCI state activation/deactivation via MAC-CE. Similar as the discussion in SP ZP CSI-RS for multicast, we can support the following two alternatives and it is up to gNB to use Alt1 or Alt2:
· Alt1: TCI-state(s) configured in PDSCH-Config-Multicast can be activated by MAC-CE in multicast GC-PDSCH 
· Alt2: TCI-state(s) configured in PDSCH-Config-Multicast can be activated by MAC-CE in unicast PDSCH

Proposal 4: For multicast RRC_CONNECTED UEs, if TCI-state(s) is(are) configured in PDSCH-Config-Multicast, support both alternatives:
· Alt1: TCI-state(s) configured in PDSCH-Config-Multicast can be activated by MAC-CE in multicast GC-PDSCH 
· Alt2: TCI-state(s) configured in PDSCH-Config-Multicast can be activated by MAC-CE in unicast PDSCH

2.3 CSS of Multicast GC-PDCCH 
For SS of GC-PDCCH, RAN1 has agreed:
Agreement
For multicast of RRC_CONNECTED UEs in Rel-17, 
· DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats.

RAN1 has discussed whether DCI format 1_0 with C-RNTI and the multicast DCI formats can be configured in the same type-x CSS. If Yes, FFS whether the DCI format 1_0 with C-RNTI configured in type-x CSS can only be used for PTP retransmission for multicast or can also be used for unicast. 
Type-x CSS for multicast DCI formats can have configurable monitoring priority as USS. If other non-MBS DCIs, such as the unicast DCI formats and the DCI format 2_x, and multicast DCI formats are configured in the same CSS, this priority rule will change the monitoring of both multicast DCIs and non-MBS DCIs. Also, a Type-x CSS for multicast DCI formats will be associated with a CORESET configured in the PDCCH-Config-Multicast, where pdcch-DMRS-ScramblingID_Multicast is configured for GC-PDCCH. If DCI format 1_0 is configured in the same CSS and the pdcch-DMRS-ScramblingID_Multicast is not applied to unicast PDCCH, the PDCCH and DMRS using different scrambling sequences in same CORESET will increase the blind detection complexity. 
Therefore, non-MBS DCI formats should not be configured in Type-x CSS. 
Proposal 5: For RRC_CONNECTED UEs, Type-x CSS is configured for MBS DCI formats only.
· DCI format 1_0 with C-RNTI and MBS DCI formats are not configured in the same Type-x CSS

For PDCCH processing/monitoring per slot/span per CC, we have agreed
Agreement:
The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.
Agreement
· Regarding the number of DCIs that a UE can process in a slot or span, multicast DCI is treated as unicast DCI scheduling DL following the current feature group 3-1/3-5a/3-5b.

If a UE is monitoring both unicast and multicast, a multicast PDCCH to schedule a multicast PDSCH can be counted as a unicast DCI and the total number of monitored PDCCH candidates and non-overlapped CCEs is within the Rel-15 UE capability.
Proposal 6: For RRC_CONNECTED UEs, a multicast PDCCH to schedule a multicast PDSCH is counted as a unicast DCI to schedule a unicast PDSCH.
· Endorse TP#3 for TS38.213.
TP#3 for TS38.213:
10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***
For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, G-RNTI, G-CS-RNTI or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol. 
*** Unchanged text is omitted ***



2.4 CSS of Broadcast GC-PDCCH 
For searchSpaceBroadcast, the CR for 38.213 [1] specifies two types of CSS for configured:
“A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set on the primary cell of the MCG configured by
-	pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI, or 
-	searchSpaceZero in PDCCH-ConfigCommon, when pdcch-Config-MCCH and pdcch-Config-MTCH are provided, for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0B-PDCCH CSS set configured by searchSpaceBroadcast in pdcch-Config-MCCH and pdcch-Config-MTCH for a DCI format with CRC scrambled by a MCCH-RNTI or a G-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type1A-PDCCH CSS set configured by sdt-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a C-RNTI or a CS-RNTI on the primary cell as described in clause 19.1
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type2A-PDCCH CSS set configured by peiSearchSpace in DownlinkConfigCommonSIB for a DCI format 2_7 with CRC scrambled by a RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI, or 
-	SearchSpace-Multicast in PDCCH-Config-Multicast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTI, or
-	searchSpaceBroadcast in pdcch-Config-MCCH and pdcch-Config-MTCH on a secondary cell for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI, and”

If the reason to introduce Typ3-CSS for searchSpaceBroadcast configured by unicast RRC signaling is to support UE monitoring the MBS broadcast in SCell, the Type0B-CSS should be configured via SIBx/MCCH in PCell. Therefore, we propose:


Proposal 7: Type0B-CSS for searchSpaceBroadcast of MCCH/MTCH is configured on PCell.
· Endorse TP#4 for TS38.213.[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc83289685][bookmark: _Ref491451763][bookmark: _Ref491466492]TP#4 for TS38.213:
10.1	UE procedure for determining physical downlink control channel assignment 

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set on the primary cell of the MCG configured by
-	pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI, or 
-	searchSpaceZero in PDCCH-ConfigCommon, when pdcch-Config-MCCH and pdcch-Config-MTCH are provided, for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0B-PDCCH CSS set configured by searchSpaceBroadcast in pdcch-Config-MCCH and pdcch-Config-MTCH for a DCI format with CRC scrambled by a MCCH-RNTI or a G-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type1A-PDCCH CSS set configured by sdt-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a C-RNTI or a CS-RNTI on the primary cell as described in clause 19.1
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type2A-PDCCH CSS set configured by peiSearchSpace in DownlinkConfigCommonSIB for a DCI format 2_7 with CRC scrambled by a RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI, or 
-	SearchSpace-Multicast in PDCCH-Config-Multicast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTI, or
-	searchSpaceBroadcast in pdcch-Config-MCCH and pdcch-Config-MTCH on a secondary cell for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI, and
*** Unchanged text is omitted ***
If the active DL BWP and an MBS frequency resource provided by cfr-Config-MCCH-MTCH for a UE have same SCS and same CP length and the active DL BWP includes all RBs of the MBS frequency resource, and if the UE is provided searchSpaceBroadcast for Type0B-PDCCH CSS set, the UE monitors PDCCH for searchSpaceBroadcast Type0B-PDCCH CSS set on the active DL BWP. 
*** Unchanged text is omitted ***






2.5 HPID/NDI for multicast PTP retransmission
PTP retransmission is supported for the PTM initial transmission. However, the following agreement about HARQ process ID and NDI relationship between PTM initial and PTP retransmission is not captured in the spec yet. 

Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.
Proposal 8: Endorse TP#5 for TS38.213 to capture the same HPID/NDI are used for PTM initial transmission and PTP retransmission.
TP#5 for TS38.213:
18	Multicast Broadcast Services
< Unchanged parts are omitted >
A PDSCH reception providing an initial transmission of a transport block is scheduled only by a multicast DCI format. For the first HARQ-ACK reporting mode, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a multicast DCI format using a same G-RNTI as the G-RNTI of the initial transmission of the transport block, or by a unicast DCI format using a C-RNTI, with same HARQ process ID and NDI as that of multicast DCI format using the G-RNTI for the initial transmission of the transport block [6, TS 38.214].
An activation for SPS PDSCH receptions using a G-CS-RNTI for a corresponding SPS PDSCH configuration is provided only by a multicast DCI format as described in clause 10.2 by replacing CS-RNTI with the G-CS-RNTI. A release for SPS PDSCH receptions using a G-CS-RNTI for a corresponding SPS PDSCH configuration is provided by a multicast DCI format as described in clause 10.2 by replacing CS-RNTI with the G-CS-RNTI, or by a DCI format with CRC scrambled by CS-RNTI. For the first HARQ-ACK reporting mode and for a transport block that a UE received in a SPS PDSCH, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a unicast DCI format using a CS-RNTI or by a multicast DCI format using a same G-CS-RNTI as the G-CS-RNTI of the initial transmission of the transport block, with same HARQ process ID and NDI as that of multicast DCI format using the G-CS-RNTI for the initial transmission of the transport block [6, TS 38.214].
< Unchanged parts are omitted >





2.6 HARQ process management of PTP retransmission
Regarding HARQ process management for multicast and unicast, we have the following conclusion:
Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.

If the HARQ processes are semi-statically split between multicast and unicast, the e.g., HPID#0~7 for unicast only and HPID#8~15 for multicast only (both PTM (re)transmission and PTP retransmission), there will be no confusion for UE to do the HARQ combining. However, it will sacrifice the peak data rate of unicast TBs for every UE in the multicast group, as well as the data rate of multicast due to the restriction of the HPIDs. 
It is important to support the HARQ process number dynamically split between unicast and multicast. In order to flexibly schedule a HPID, which has been used for PTP unicast, for the upcoming multicast, we need to let UE differentiate the PTP for unicast and PTP retx for multicast. Otherwise, if any UE in the multicast group has used all 16 HARQ processes for its unicast, there will be no HARQ process available for multicast transmission anymore. The UEs have various unicast traffic and the NDI values for the UEs in a multicast group will be random. In order to align the NDI values of all UEs before any PTM transmission, gNB has to schedule additional unicast PDSCH(s) with garbage packet(s), wasting the UE power consumption and resulting in unnecessary scheduling delay for multicast.
To support sharing of HARQ process between unicast and multicast, the RNTI/NDI rules need to be defined (which was agreed in RAN2):
· Consider the NDI to have been toggled regardless of the value of the NDI for the following cases:
· If the downlink assignment is for C-RNTI, and if the previous downlink assignment with same HPID was either downlink assignment received for the MAC entity's G-CS-RNTI or a configured downlink assignment for MBS, or 
· if the downlink assignment is for G-RNTI, and if the previous downlink assignment with same HPID was either a downlink assignment received for the MAC entity's G-CS-RNTI or other G-RNTI or C-RNTI or a configured downlink assignment for MBS or unicast 


The NDI for PTP retransmission for multicast will be same as that of PTM initial transmission. If a HARQ process is used for both unicast and multicast, the NDI for unicast PTP and multicast PTM initial/PTP retransmission should be independently counted. As illustrated in Figure 1, the PTM using GC-PDCCH is a new TB transmission. For UE-b, miss detection of the GC-PDCCH scheduling PTM makes the UE confuse the PTP retransmission for multicast with a PTP retransmission of previous unicast (C-RNTI). Since the UE believes the PTP retransmission of previous unicast (C-RNTI) has been successfully detected, the PTP retransmission for multicast will be discarded. However, this multicast TB, which is using the PTM leg with UM only, cannot be recovered by using higher layer retransmission. To address this, the scheduling DCI with C-RNTI can have a flag to differentiate the HARQ process ID used for PTP unicast data or for PTP multicast retransmission. The PTM for multicast as well as the PTP for unicast or multicast is sharing the same soft buffer without increasing the size.
If the PTP with the same HPID can be used to schedule a unicast TB or to used for PTM retransmission of the multicast TB, a new field can be added in the PTP DCI to differentiate PTP for unicast and PTP retransmission for multicast. Compared with dynamic sharing between unicast and multicast, The dynamic sharing of the HAQR process for multiple G-RNTIs is not needed (since a UE may use all the HPIDs for unicast peak rate but not for multicast traffic). gNB can schedule the multicast G-RNTI by using different HPIDs, so 1bit in the PTP DCI to differentiate unicast and multicast is sufficient. 


 [image: ]
Figure 1 PTP retransmission for PTM
Proposal 9: If dynamic HARQ process sharing between unicast and multicast is to be supported in Rel-17, add 1-bit in unicast DCI format 1_1/1_2 to differentiate PTP for unicast and PTP retransmission for multicast
· UE is not expected to receive the PTP retransmission with C-RNTI using the same HARQ process ID for the multicast TB associated with different G-RNTIs at same time.
· UE is not expected to receive the PTP retransmission with CS-RNTI using the same HARQ process ID for the multicast TB associated with different G-CS-RNTIs at same time.
· Endorse TP#6 for TS38.212 and TP#7 for TS38.213.



TP#7 for TS38.213:
18	Multicast Broadcast Services
< Unchanged parts are omitted >
A PDSCH reception providing an initial transmission of a transport block is scheduled only by a multicast DCI format. For the first HARQ-ACK reporting mode, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a multicast DCI format using a same G-RNTI as the G-RNTI of the initial transmission of the transport block, or by a unicast DCI format using a C-RNTI [6, TS 38.214]. If a UE is provided with multiple G-RNTIs, the UE is not expected to receive a retransmission by a unicast DCI format using a C-RNTI with same HARQ process ID for the initial transmission of the transport block scheduled by a multicast DCI format using different G-RNTIs at same time.
An activation for SPS PDSCH receptions using a G-CS-RNTI for a corresponding SPS PDSCH configuration is provided only by a multicast DCI format as described in clause 10.2 by replacing CS-RNTI with the G-CS-RNTI. A release for SPS PDSCH receptions using a G-CS-RNTI for a corresponding SPS PDSCH configuration is provided by a multicast DCI format as described in clause 10.2 by replacing CS-RNTI with the G-CS-RNTI, or by a DCI format with CRC scrambled by CS-RNTI. For the first HARQ-ACK reporting mode and for a transport block that a UE received in a SPS PDSCH, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a unicast DCI format using a CS-RNTI or by a multicast DCI format using a same G-CS-RNTI as the G-CS-RNTI of the initial transmission of the transport block [6, TS 38.214]. If a UE is provided multiple G-CS-RNTIs, the UE is not expected to receive a retransmission by a unicast DCI format using a CS-RNTI with same HARQ process ID for the initial transmission of the transport block scheduled by a multicast DCI format using different G-CS-RNTIs at same time.


< Unchanged parts are omitted >


TP#6 for TS38.212:
[bookmark: _Toc83205916][bookmark: _Toc51852449][bookmark: _Toc45209275][bookmark: _Toc36046358][bookmark: _Toc36046212][bookmark: _Toc36045952][bookmark: _Toc29327762][bookmark: _Toc29326612][bookmark: _Toc26467250][bookmark: _Toc19798779]7.3.1.2.2	Format 1_1
< Unchanged parts are omitted >
-	HARQ process number – 4 bits
-	PTP retransmission for multicast – 0 or 1 bit.
-	1 bit if higher layer parameter pdsch-MulticastPtpRetransmission is configured;
-	0 bit otherwise.
-	Downlink assignment index – number of bits as defined in the following
< Unchanged parts are omitted >
[bookmark: _Toc29326613][bookmark: _Toc29327763][bookmark: _Toc36045953][bookmark: _Toc36046213][bookmark: _Toc36046359][bookmark: _Toc45209276]7.3.1.2.3	Format 1_2
< Unchanged parts are omitted >
-	HARQ process number – 0, 1, 2, 3 or 4 bits determined by higher layer parameter harq-ProcessNumberSizeForDCI-Format1-2
-	PTP retransmission for multicast – 0 or 1 bit.
-	1 bit if higher layer parameter pdsch-MulticastPtpRetransmissionForDCI-Format1-2 is configured;
-	0 bit otherwise.
-	Downlink assignment index – 0, 1, 2 or 4 bits
< Unchanged parts are omitted >



2.7 PTP and PTM Soft-combining
Agreement
For the LBRM/TBS determination for PTP retransmission of multicast, Option 2 is supported.
· Option 2: based on the LBRM/TBS determination of the legacy unicast PDSCH transmission
· Note: The UE is not required to soft combine the PTM initial transmission and the PTP retransmission in case of different circular buffer
· FFS: spec impact, if any

Based on the above agreement, it is identified that the PTP retransmission of multicast following the legacy unicast PDSCH transmission may have different circular buffer size as defined in TS38.212 than that of PTM initial transmission. It was argued that the soft combining is up to UE implementation. But this issue is specific for multicast HARQ combining, which never happens for the case of unicast HARQ combining using same LBRM and same RNTI. In case of different circular buffer size, the UE may not be able to apply soft combining to satisfy the corresponding demodulation requirement in RAN4 test. Therefore, we need to clarify that the UE may not be able to implement the soft-combining of G-RNTI and C-RNTI due to different circular buffer size , as the Note said. 

Proposal 10: Endorse TP#8 for TS38.213 to address the Note in RAN1 agreement on PTM/PTP soft combining.
· Note: The UE is not required to soft combine the PTM initial transmission and the PTP retransmission in case of different circular buffer
TP#8 for TS38.213:
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< Unchanged parts are omitted >
A PDSCH reception providing an initial transmission of a transport block is scheduled only by a multicast DCI format. For the first HARQ-ACK reporting mode, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a multicast DCI format using a same G-RNTI as the G-RNTI of the initial transmission of the transport block, or by a unicast DCI format using a C-RNTI [6, TS 38.214]. The UE is not required to soft combine the initial transmission using the G-RNTI and the retransmission using C-RNTI in case of different circular buffer length  as defined in [5, TS 38.212].
An activation for SPS PDSCH receptions using a G-CS-RNTI for a corresponding SPS PDSCH configuration is provided only by a multicast DCI format as described in clause 10.2 by replacing CS-RNTI with the G-CS-RNTI. A release for SPS PDSCH receptions using a G-CS-RNTI for a corresponding SPS PDSCH configuration is provided by a multicast DCI format as described in clause 10.2 by replacing CS-RNTI with the G-CS-RNTI, or by a DCI format with CRC scrambled by CS-RNTI. For the first HARQ-ACK reporting mode and for a transport block that a UE received in a SPS PDSCH, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a unicast DCI format using a CS-RNTI or by a multicast DCI format using a same G-CS-RNTI as the G-CS-RNTI of the initial transmission of the transport block [6, TS 38.214]. The UE is not required to soft combine the initial transmission using the G-CS-RNTI and the retransmission using CS-RNTI in case of different circular buffer length  as defined in [5, TS 38.212].
*** Unchanged text is omitted ***





2.8 PDPSCH processing capability 2 not applied to GC-PDSCH
Agreement
PDSCH processing capability 2 is not applied to PDSCH scheduled by PDCCH with DCI format 4_0/4_1/4_2.

The above agreement has not been captured yet. We propose to endorse the TP#9 for TS38.214.
Proposal 11: Endorse TP#9 for TS38.214 to capture the agreement that PDSCH processing capability 2 is not applied to PDSCH scheduled by PDCCH with DCI format 4_0/4_1/4_2.


[bookmark: _Toc11352102][bookmark: _Toc20317992][bookmark: _Toc27299890][bookmark: _Toc29673155][bookmark: _Toc29673296][bookmark: _Toc29674289][bookmark: _Toc36645519][bookmark: _Toc45810564][bookmark: _Toc83310149]TP#9 for TS38.214:
[bookmark: _Toc11352135][bookmark: _Toc20318025][bookmark: _Toc27299923][bookmark: _Toc29673194][bookmark: _Toc29673335][bookmark: _Toc29674328][bookmark: _Toc36645558][bookmark: _Toc45810603][bookmark: _Toc83310188]5.3	UE PDSCH processing procedure time
*** Unchanged text is omitted ***
-	For UE processing capability 2 with scheduling limitation when µPDSCH = 1, if the scheduled RB allocation exceeds 136 RBs, the UE defaults to capability 1 processing time. The UE may skip decoding a number of PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability 2, if any of those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability 1 processing time. 
-	For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is configured for the cell and set to 'enable'.
-	The UE processing capability 2 is not applied to PDSCH scheduled by PDCCH with DCI format 4_0/4_1/4_2.
*** Unchanged text is omitted ***


3. [bookmark: _Toc4628301][bookmark: _Toc4689599][bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]Conclusion
	In this contribution, we discussed various aspects related to group scheduling for NR multicast RRC_CONNECTED UEs with the following proposals: 
[bookmark: _Hlk512894710]
For ZP CSI-RS configured for GC-PDSCH rate matching:
Proposal 1: For multicast RRC_CONNECTED UEs, ZP CSI-RS can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RE level granularity,
· The procedure for PDSCH scheduled by PDCCH with DCI format 4_1 is similar as that of DCI format 1_0 and the procedure for PDSCH scheduled by PDCCH with DCI format 4_2 is similar as that of DCI format 1_1, by applying the parameters of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList, sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast.
· ZP CSI-RS configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· ZP CSI-RS configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.
· Endorse TP#1 for TS38.214.

Proposal 2: For multicast RRC_CONNECTED UEs, the size of ‘ZP CSI-RS trigger’ field in DCI format 4_2 is determined by the number of aperiodic ZP CSI-RSs configured in PDSCH-Config-Multicast. 
· Endorse TP#2 for TS38.212.

Proposal 3: For multicast RRC_CONNECTED UEs, if SP ZP CSI-RS is configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, support both alternatives:
· Alt1: SP ZP CSI-RS configured in PDSCH-Config-Multicast can be activated by MAC-CE in multicast GC-PDSCH 
· Alt2: SP ZP CSI-RS configured in PDSCH-Config-Multicast can be activated by MAC-CE in unicast PDSCH

For TCI-state configured for multicast 
Proposal 4: For multicast RRC_CONNECTED UEs, if TCI-state(s) is(are) configured in PDSCH-Config-Multicast, support both alternatives:
· Alt1: TCI-state(s) configured in PDSCH-Config-Multicast can be activated by MAC-CE in multicast GC-PDSCH 
· Alt2: TCI-state(s) configured in PDSCH-Config-Multicast can be activated by MAC-CE in unicast PDSCH

For multicast CSS:
Proposal 5: For RRC_CONNECTED UEs, Type-x CSS is configured for MBS DCI formats only.
· DCI format 1_0 with C-RNTI and MBS DCI formats are not configured in the same Type-x CSS

Proposal 6: For RRC_CONNECTED UEs, a multicast PDCCH to schedule a multicast PDSCH is counted as a unicast DCI to schedule a unicast PDSCH.
Endorse TP#3 for TS38.213.
For broadcast CSS:
Proposal 7: Type0B-CSS for searchSpaceBroadcast of MCCH/MTCH is configured on PCell.
Endorse TP#4 for TS38.213.

For multicast PTP retransmission:
Proposal 8: Endorse TP#5 for TS38.213 to capture the same HPID/NDI are used for PTM initial transmission and PTP retransmission.

For HARQ process management of PTP retransmission:
Proposal 9: If dynamic HARQ process sharing between unicast and multicast is to be supported in Rel-17, add 1-bit in unicast DCI format 1_1/1_2 to differentiate PTP for unicast and PTP retransmission for multicast
· UE is not expected to receive the PTP retransmission with C-RNTI using the same HARQ process ID for the multicast TB associated with different G-RNTIs at same time.
· UE is not expected to receive the PTP retransmission with CS-RNTI using the same HARQ process ID for the multicast TB associated with different G-CS-RNTIs at same time.
· Endorse TP#6 for TS38.212 and TP#7 for TS38.213.

For PTM and PTP soft-combining:
Proposal 10: Endorse TP#8 for TS38.213 to address the Note in RAN1 agreement on PTM/PTP soft combining.
· Note: The UE is not required to soft combine the PTM initial transmission and the PTP retransmission in case of different circular buffer

For PDSCH processing capability 2 not applied to multicast:
Proposal 11: Endorse TP#9 for TS38.214 to capture the agreement that PDSCH processing capability 2 is not applied to PDSCH scheduled by PDCCH with DCI format 4_0/4_1/4_2.
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